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ari«iie pr«du*«4 ^ a dautaroa ^aalMrdaant of 
garaanlvMi hat taan atudlad to datanaiaa tha avalidas 
prasant la tka aixtura* Idantlflcatian of laotopaa vat 
■ada bf aoi^aring aaaaurad Taluaa of half Ufa aad mzI- 
aaa $ anarg/ with tha aeoaptad Taluaa* liald Taluaa vara 
dataralnad for aaah laatofa praaant by 4r aolid angla 
eountar •aaauraaanta. 

Counting rataa vara naaaurad far a par lad of 63 day a 

with 4r and eolncldaBca aountara, obtaining half llTaa 

which iztdiaatad that tha nualldle adztura vaa aada of 

Aa*^^, Aa^*, *ftd Aa*^* Thaaa indleatioca wara 

oonflnaad by naxlMMB | anargy Taluaa obtalnad by ahaarption 

naaauraiaanta and frou y hz^arglaa found ualag a f-ray 

aalntlllatiao apaataonatar* Maaaurananta indlaatad that 
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tha 40 hour half Ufa raportad for Aa la ia arrar by a 
alfnlfiaant anouat, and that »o waa abtalaad bg thla 
boabardnant* 

Tha 4r aolid angla aountar aoeatruatad ^a ahown to 
haTo an affitlancy af Ttry aaarly 100 pareaat for partlalaa 
which aseapa tha aourca* Thla aountar haa proTtn to ba a 
Tary practical laboratory inatrunant and datallad Inatrus- 
tlona far Ita uaa ara includad aa an appatvliz* 
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As Hot prooont In tho mixtwf 

Ab^ I* <0.7 >70 hours ®< ylsU < li** 

* Tho thick target fiold raloos spoclflod applj if tho doutoron 
hooB current woo ozaotl/ 3t pops and if tho arsonie separation 
offiolono7 was 100 poreont. Tiold toIuos quoted are based on g 
counting only and do not incite orbital electron capture. 

** Basod on ratios of total g to count log rates. 
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I . IKTHODUCTIOr 



A. laeortAnc* of th« Inroitlcttlon 

Th6 fact that ttatora of tha brain taka up a 
larga amount of traea natal co^parad vlth that takac 
up b7 norail brain tlaaua nakat it paaalbla to Aataet 
and to aataally dataniina tha leoatian of tunara in 
tha btsHin brain. Undar tha auparrialoc of Cordon 
L. Brovnallj a group at tha F.aaaareh Laboratorj of tba 
Kaasaehuaatta Ganaral ^aapltal baa daralopad a auitabla 
traear taehciqua for tha diagnoaia and praoparatira 
location af brain tuaora^ uaing poaitron anitting 
liotapaa. After intraaanova injaetian af tha traear 
natarial, tha patiant^a haad ia ■aehaoieallp aeannad 
in tvo dlsaoaiona bj two acintillation countara con- 
naetad in eeiceidaaea. Third dinanaional lacation ia 
ebtainad from tha uobalancad aiagla channal eoiuiting 
rataa af tha aaparata countara. 

Slnca January 19&3 a larga siaibar of patianta hava 
baan axaninad uaing tbia tacbni*'<ua. Tba raaulta ara 
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o«tst«ndlaf • fr«a Moy €«••• cllalGally 4i»fnos«d 
•8 •«rd8rXin«^ prui«ne« or a^tvae# of nwoplattie 
iDraln tlsfU8 kat kaaa dataralaaa ky tkis aatuod. In 
all aasaa wktra surcar/ vat pariGraad, tuaor lotation 
oktalBfd ky tala iaaaal^iaa has kata confiraad. is yat 
B9 kBew% iaaarraat diafaosas hava kaaa aada. In 
ad4itla«i ta pravldiag aora fiaaatiiativa inforaatlan 
than is avallabla fraa allaieal 4iagaosiS| this aatkad 
provldas tka laft«ta-ri§ht loeallsatlon which is diffi- 
cult sAd aftaa iapossibla ta aktaia aliaiaally. 

ladiaaativa arsanie was salaotad as tha trasar 
Mtal kaeausa of savaral caasidaratiaas* irssnia is 
raadily arailakla froa a dautaroa baakardaaat ef gar- 
•aniuB. Tka half liras af arsaaic iaatapas fall 
within an acaaptakla ranga far trasar utilisstioa. 

Most af tha y^^rsiy* aeitta4 fras arsanie isotopas ara 
•aft^ thus dacraasing karafvl kialagical affaets dua 
to radiatiaa* A rary iaipartant adrantaga is that a 
larga pareantsga af arsanie actirity aansists of posi- 
tron arissian. Praeisian naasuraiiants with rary high 
rasolutian shsy ba stada on tha rasulting aaaikilatian 
radiation. 

Tka traaar arsaaia is aat injaatad until sararsl 
days aftar koakardBant. During this pariod any short- 
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lirtd «etlTlt/ 9 r«o«nt dtcays Vo • Q«cll|lbXo 
Taltto coapirad with that of tht 17.5 day 
and doat not affatt tht fcanalnc ataiurtatots vhlch 
rtQulrt a ptrlod of apyroxlmattly tvo hours* If tht 
half liras and tht rtlatlvt aetlrlty ptretntacts of 
tht short^llrtd isotopts vtrt aeeurattly known, this 
wsitlng ptriod eould bt dttrtastd or trtn tllainatod 
with a rosultant ixvtrtast in ustful attirity tbtaiatd 
froti a firtn boabardaant* 

Tht puurpost of tht prtstnt inrastigation is to 
dttaraint insofar as possiblt tht aothoda of dteay 
and asaoaiattd dteay tfiargits, half lirtt, absolatt 
actiritits, aod isotopia yitlda of tha arstnia obtainad 
by tht dtuttrtn bocbaz^lsaait of gtraaniaa* In addition 
tt dtcrtasing tht daisy battraan boobardsMct and injaatien, 
this infomation Bay parmit tht uat of short-lirad 
isotopts as troatra* In tffaat this also dtaraasts 
tht boabardBtnt tiBt rtquirod to obtain a girtn aaovtnt 
tf traear Mtarial* It say bt dtsirablt to txanint a 
siaglt patiant strtral timaa ortr a poritd of a ftw 
wttks* Acaurata kntwltdgt of tht short-lirad aatirity 
prtstnt may porait fraquaat iaiaetions tf a Itsstr 
amount tf traaar solution vhilt avoiding haranful affacts 
from tht chtKical toxicity of earritr arstnic prtstnt* 
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B. K««ults o{ Pr«Yioua Invaatlgations 



Frier to 6agui«*t Inyeatlgationa in 1930^^^ T«r/ 
little w«f kaewn eWeut the re4ionuelldes ef eraenie* 
The prl&elj^al reaulta ef hia vork oo the araenlc pro« 
dueed bj e deuteroo beahardaeet ef geraunliia, aa 
nodifled by ethera^ are tabulated belew and include 
all data raperted through 1941* 
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eonfllcttfl vlth euch th« T*raTlous data. Th« following 
la a tabulation of tha Moat roliablo data now arallabla 
on tha ra'floliotepaa of araacile *»lthout ragard to thalr 
»ft^d of •ctlawtlon: 
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II. KlK:LeAJt PRCPEHI1I0 TO Bl KBASUR£D 



TiM anB a^tilpMnt limltatlafia prohlkitad eooducting 
an Invaitlc^tion vhleh could dattraina actual dacay 
•aha»as of tha aatira aatarlal. with a daalra %m 
artract aa miah Informatian as passlbla In tha tina 
arallabla, attacpts vaa^ nada to datarnina tha following 
for aack Isotopa of araanla aktalnad fron tha boakard> 
■antt 

1. Abaoluta f aetlYlty. 

f. Half Ufa. 

3. HanlMB g aaarglas. 

In addition It vaa daslrabla to obtain Infonaatlon 
ragardlag tha of tko alxtura of Isotopas 

and tha Tarlatloo of tka spaetrua with tina. 



^ Ml 



ip I ffM iAfWi •- 

«A « »*Xi,« ttH %• 

MU M w>iiii»lffi Ak<OT %j MtfCsn 

•••MfJKT %»M- -i C't^r 4«1J^£1 sV» 

««•<«• 

.tttVitM « Uwia »44 U 
./SXi U 4 l •« 
tilTM* • ff ii .1 
U it cotfitdM aS 

1a v«l 1* fAl criMtiVl 

<<Mllf •itj 111 luall'HM ••• WU 



i 



III, EXPWiiMkMAL PSOClDUIil 



A* Prt^ratloA of Badloactira iritnle 

A a^p of pur« garflunluM aatal 1/3* icch toieic 
with tllatnsloBt 3/0 ineh tj 1 Inch vat utod as a 
targat la tha h.I.t. ayalotron. This oh ip vat 
basharlad vitb 15 Mar dautarona far a parlad af PO 
alJtutaa with aa ararata baaa exirraat of 36 iMatpa, 

Aftar boabardaant tha garaanlm aatal vas oxidizad 
to 6’aCl^ la *n ayaeaatad aystaa aalBg gasaoua Cl^* 

Ta tkla %wa addad ICl, araaala aarrlar aftar 

whleh tha ballc of tha 6aCl^ vat diat Iliad a«t. Tha 
araaoia raaaialaf la tha solutloa as As vas pra* 
aipitatad as a aatal by tha ad41tlo« af aaxoalisa 
hypaphesphlta, A datallad daseriptlaa af this 
saparatloa proaadux^ Is aantalaad la rafaranaa pi, 

B, Sehadula of Obsarratlons 

Continuous obsarTatlons vara aada of tha dlslnta- 
gration rata of tha aetiva aatarial by usa af tha 4m 
and eolneidanea eountars. In an attempt to ascartaln 
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vhtth«r or iMv th« c«nt#in*(l hnj poaitrorv- 

tsltting iaotopaa haring h&lf llvaa of the order of 1 
hour or Xeaa eoineldence counter ■eaiuo’e- 

»enta ware laade aa followai each ainuta during the 
third hour aftar bo«l rdMut, erer/ & toinutea during 
the fourth hour, every 10 cinutea during the fifth hour, 
and every 15 ninutea during the alzth hour. Thereafter 
the aaxiai'A Interv&l between •easuresenta was adjuated 
to approximately 1/lOth Ux value of the half life 
indicated by a eontinuoua plot of counting rate obaerva- 
tiona. 

rue to the time required for preparation of 4r 
counter toureea and the time involved In caking abaorptlon 
meaaureeients with the end vlixlov i counter, ebaervmtiona 
with tneae InstruaMnta \tT9 made hourly from tha 6lh 
through the 17th hour after bombardment, and thereafter 
in aceordanee with tha achedulo ^-utliued abova. 

Using the aodivmi iodide aclntillation spectrometer 
described in Appendix II an Initial scan of the energy 
spectrum up to 3 Mev was made within three hours after 
bombardment in order to determine the maximum energy Y'* 
ray a emitted from the araenie. Vith no detectable Y' 
energies present greeter than 1 Mev, an operating range 
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w*« Q;'«3«*n mhloh inclui»<l All up to approxi-> 

■AtAly 1.3 ^dv. This «n«rgy r«ng« was scaimtd eontinu«lly 

for th« first 72 hours sftsr bOi>bArd«Aat (Pig* l)« Th« 

high •Borgy rsnge «ss scAnn«d at IntarrAls during this 

period vith negAtivA r«sult«* An Additioi**! An«rgy 

spActrvai WAS obtAlnsd 51 dA/s After 0cr9.hAr>iaAnt (Fig. i) 

And AS Ssfors, BO high SAtrgy y-rsys were dstsctAbls. 

Using the end win Jo v j sountsr^ sovmtiAg rates were 

MASured fer Absorber thic*oiesses of fro* zero to r5i0 
r 

og/ea • Obserrations were amie in secordsnee with the 
tiae schedule preriously given* 
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17. MT7] or>6 UrED IK I^TER®^rT.*TIOr OF DATA 



A. H*lf i.ir« 

Obt«rv#d ewmtlnf r#t*, corr«ct*d for ln*triwi>nt*l 
•rror, v'lott*»i oo as • function of 

tlaa. Ap?roxiiaat*^ly 00 «ay» after boi»b*r«jaent t'la 
curve obtained fron eolncilence ceeaure»entt aaaiseed 
a constant slope Indlcatinfi the presence of a single 
Isotope. Application of the method of least si;uares 
to data In the region of eo.nst»nt slope yielded a deter- 
mination of half life, aero tiise activity, and tlieir 
reapective standard deviations. Subtraction of values 
thus obtained from the curve of total co'jnting rate 
resulted in a residual curve else possessing a constant 
final slope. Successive epplication of this method per- 
mitted the resolution of 3 straight line cosponenta from 
the data obtained by coincidence counting (Fig. 3). 

The 4r eoxmter data included a relatively long-lived 

component vhlch vet not apparent in eoineidence Masura- 
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ments. Assuming t)iis te be As reported as a O.OS Kav 
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COUNTING RATE vs TIME 
doto taken with coincidence counter 







TIME IN DAYS (From 3rd Hour otter Bombardment) 



0U» ^TT 



aogr.tr m atittor of h»«lf life 60 

C 

counter lourcc wp# cov%r«iA vltn 13. V .tg/cc'’ of alvdlntir. 

foil (• thicknrsa o^TLlrolent to rv. 3 t.*« reage of 

« 0.05 Kev electron) coaskei.cing on t^.e 41.at day after 

bcab. rd:aent . Ltti. >ctain*' vlth t.ilr L*urce plotted aa 

a straight lino with a half life of 17. CG t-ays. After 

subtraction of t.JLa 17. 6o day aetlTity Trot. t*.e total 

counting rate curve tne ooui»ta.it alope extr««ait 7 of the 

residual curve in* Ilea ted a half life of ^8* dc/s. This 

procedure permitted early evaluation of data without 

waiting for the predominance of the d9 day component and 
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the results are in good agreeuont with tiie As sMtnod 
of decay reported by Kol.^^^ w>uccesslve ap-Tlicatlon of 
the method of least squares to the 4ir counter data resulted 
in the resolution of 4 straight line oospononts. (pig. 4) 
Hslf life determinations were alao aauo from s«nllog 
plots of counting rate vs time obtained using absorbers 
of specific thickness with the end window 3 counter. The 
method of curve subtraction previously outlined was 
employed and a total of 3 straight line components were 
resolved having half lives of £6 hours, 53 hours, and 16.7 
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B* Absolut* 9 Activity 



Sine* th* •ffleioney of th« 4v eounttr for 9 counting 
is quite high (Appendix I), these dste were used in the 
deterainstion of absolute 9 activities. The zero tijse 
activities obtained In applying the aethod of least 
SQtMires to half'life deterxlnation vere corrected to the 
tisM of eoapletlon of boabardaent. These results can be 
specified in teras of yield if specific values of deuteron 
beaa eurrwit and arsenic separation efficiency ere assuaed. 



C. Haxlaiai $ Energies 

These values vere found froa absorption curves obtained 
by use of the end vindov p counter (Appendix XU) • Froa 
aeasure«ents of aaxiaua range nade at various tines the 
energy ef the aost energetic fi was deterained for both the 
hour and the 17.5 day isotopes. The nethod is illus- 
trated in Fig. 5 vhieh is applicable to the £6 hour isotope. 

In addition, mass absorption eoeffieients vere deter- 
ained froa seeilog plots of counting rate vs absorber 
thickness taken at various tlaes. Using these values 
aexlauB 0 energies vers deterained for the 17.5 day and 
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the 59 hour Isotopes (Figs, t, 7). The ralue obtained 
by this Mthod for the 17.5 day isotope agrees with that 
found by the smixIbum range Beasureaent stated above. The 
curve obtained for the 90 hour Isotope (Fig. 6) was eon« 
cave toward the origin and covld >et be treated by this 
sethed. i detailed discussion of the aethod and theory 
involved is contained in Chapter I of reference £2, 



\ 

1 

1 \ 

5 

. ' > 

I 

r ' 

\ ^ 

' \ 
I 

1 1 

'c- — — 

\ 



1 



M Mf 



«0 ^m m l^ A^Ti titfl «0% A*dto« AiAf f€ 

Jtt ^ »4lti Mw*€i w«4 ii mM «i) ■rmn 

f4 94 Ha frCAW 4m ai%4m mU H0rm4 «rt» 

km 494 Si* •aA**»««I^ HHwHk A •AsHiM 

^ 1A f Al HoAtJmm •! 



COUNTING RATE (Counts per Minute) 



iB 



Figure 6 

COUNTING RATE vs ABSORBER THICKNESS 
ctato of 23 Morch 1953 



o Observed Counting Rote 

X Observed Counting Rote corrected for 

y-fo^ bockground 

o Residuol ofter subtroction of higher 
energy component 

Curve A holf thickness • 55 mg/cm^ ^l49Mev 
Curve B'holf thickness OZmg/cm^ ^ .99 Mev 
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Figure 7 

COUNTING RATE vs ABSORBER THICKNESS 
doto of 14 Morch 1953 
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Residual otter subtractir>g corrected 
curve of Figure 6 

Residuol ofter subtrocling corrected 
curve of Figure 8 
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Figure 8 
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o Observed Counting Rote 
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o Corrected Observed Counting Rote 
of Figure 6 
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I. Th« leni«»t>liv«<l isotop* prstent In th« Blxturs 

was d«t«ct«d by only tho 4r countor* Th« half Ufa vas 

datenalnod to ba BS.9 ± 9,9 days and by tha flltaricg 

mattod daacribad in ;>*etion IV A, tha uxiarDai anargy 

was found to ba 0,11 Mar > > 0,0£ Kav, Mnca thia 

iaotopa vaa not dataetad with tha coincidanca coimtar it 

is assuaMd to ba a pura nagatron acdttar, HUs niKlida 

73 

ia balisTad to ba As dua to tha cloaa agraMiant with 
tha ra^rtad charactariaties of that laotopaA^^ 

S, With 4w, eoincidanea, and and window countars a 
half Ufa of approxixaataly 17.5 days was rasolvad. Two 
I anargias of this nuclida vara dataminad by absorption 
sMosuramafits to ba 0,99 Mar and 1,49 Kav, Tha cloaa 

agraai>ant of thaaa raaulta with thosa previously raportad(^> 13) 

74 

saas to Justify tha assuaiption that this iaotopa is As • 

3, End vlfxlev I eountar naasuraaMnts using an abaorbar 
thleknass of X4 mg/cm in^icatad that no laotopas vara 
prasant having ^ anargias > 0.7 Kav and half livaa in tha 
ranga 16,7 days > ^ hotirs. Using lassar aaounts 

of absorber a half lifa of approxiisataly 59 hours was 
rasolvad, Tha only othar half llvas found to hava this 
approxixata valua vara 70,1 + 9,6 hour* froa 4r countar 
data and 46.7 * 1,' hours froa eolncidanca laaasxiraaants. 
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Th« litter Tilui combined vlth thi inarfy llnltitlon 

previously specified Justifies identificitioa of this 

isotope IS The longer hilf life values 

obtained froa 4r and end window counter aensureaents 

indicate that there is also present a negatron aaitter 

having a longer than 70 hours with energy < 0.7 

Rev. TIm to hour half life deterained froa 4 t counter 
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aeasureaents is Relieved due to a aixture of As and 
77 

As assualng that the single reported value for the half 
life of the latter^*®^ is in error. This apparent dis- 
crepancy is worthy of future study. 

4. from data of the 4o aad end window g counters 

a eoaponent of half life C5.8 ± 0.2 hours with a aaxiaua 
g energy ef 3.2& Mev was deterained. A energy of 

0.65 Rev with half life approxiaately £9 hours was found 
frea aeaaurea>ento aede with the y-ray scintillation 
spec trcHBO ter. These results eonfira previously reported 
values^®*^^'^®^ and Identify this isotope as As*^*. This 
half life deterained froa eoincidenee aeasureaents was 
21.7 ± O.T hours. 

5. There was no iadicatioB of the presence of the 
52 ainute As*^^ isotope in the aixture. In addition, 
alnce no y-ray energiea > 0.85 Mev were resolved it was 
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•pp»r«i\t that th« ?7.6 hour As iaotop* harlnf tvx) 
reportad y anarfloa > 1 wa§ not praitnti 

6. Tabular tuBaary of charaatarlatica of tho 
Bixtura of radlonuclldaa datarmlnad by thla inrastlgatlon. 
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A.''* 




Vat praaant in 


tha Bixtura 




A.^ 


0*“ 


^0.7 


>70 houra 5 < 


yiald < 16** 



* Tkt thick targat yiald yaluaa apaaifiad apply if tka dautaron 
baan evirrant vaa axaetly >• paBpa ao4 if tha araanic aaparatian 
afficiancy vaa 100 paraaot. Tiald valuaa quatad ara baaad on $ 
eouBtini oely and 4o xK>t ineluda orbital alaatroe aaptxira. 

** laaad on ratioa of total to 0^ aounting rataa. 
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APPKKDIX I 



THE Aw COUKTER 



A. Description of tho Coimtor 

Th« 4r solid Anglo counter vas designed as a 
conranlent laboratorx Instnaaent to bo used for the 
absolute standardisation of P eoltters. A photo« 
graphic Tlev of the dlsasseabled counter. Fig. 1, 
Illustrates the laportant features of construction 
and source aountlng. Detailed specifications are 
given In figs, t and 3. 

Ike sensitive voluae of the counter Is geoMtrl> 
call/ slallar to that of Casvell^^^ and of Borkovskl^*^ . 
The counter was designed and operated as a flow 
ooxmter using a butane gas rather than as a fill 
counter due to the fact that the former Is siore stable 
with far better reproduelbllltx^^^ • Since the counter 
must be opened each tlAC a source Is changed, use as a 
flow counter vhlch eliminates the neeessltx for a 
vaeumm seal greatly slspllfles the operating procedure 
as compared with that of a fill-type counter. The 0- 
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Fig. 1. Photogrsiph of dlssssoablod ooimter. 

Th« upj?#r vl€v shovs tho sours* ring la plao* 
vith the top half of th* counter renoTOd. Th* 
eetlY* source is the derh circulftr aroe In th* 
canter of th* thin fllst wliloh appears as a 
light area In th* center of th* source ring. 

The bottom view shows the corspletely dis- 
ase«ehXed eounter. The retaining ring for 
holding the source ring in place it shewn 
with the reisovfthle handling pins in place. 
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Figure 2 

4 rr PROPORTIONAL FLOW COUNTER 
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Source and Source Holder 
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Figure 3 

CROSS SECTION OF 4 tt PROPORTIONAL FLOW COUNTER 




ring 80»1 li uftd to rcduc* loakagt of flow gas to an 
absolutt BlnlAxai. 

Squ#aza<-fltttd Teflon plugs are used instead of 
Korar glass for counter case^to-guard ring and g\urd 
rlng-to-center vlre Insulation, with all Insulator 
surface leakage paths designed for approxinatelx 5000 
Tolts. This feature la for convenience in assecbly, 
cleaning of the sensltlYe roluse, and to slnlmice the 
possibility of breakage in handling. 

The 1/4 inch thick coxmter case is aa chined froa 5 
inch brass stock, all sleare entries to the case being 
sllTer-soldered and the entire asseably nickel-plated 
to facilitate cleaning. Center vires ef 1 mil timgsten 
are aligned by SO gauge hypoderalc needle stock to vhich 
they are soldered at the extremities. Center wires are 
guard-ringed vlth the g\iard rings at the same high 
posit ire potential as the center vires. The tripod 
legs supporting the counter fit into insulating stands 
made of drilled polystyrene rod stock. A grounded brass 
shielding box contains the entire counter assembly and 
minimizes externally-caused electromagnetic interference 
Electrical connections vlthln the box are made vlth 
rubber- cove red vlre insulated for 5000 volts. All 
electronic connections to the shielding box are made 
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by coexl&l ctbl* and associated fittincs. A U-tuba 
oil-flllad bubbler external to the shielding box Maintains 
gas pressure within the counter slightly above atsos* 
pherie end arslds ehanges in gas eoncentration. 

Three ail shin steel stock* provides a sturdy 
source Mounting ring. The steel is first eut Into 3 
inch squares and a 5/0 inch hole is punched in the 
center of these squares. The 9 3/d inch outer diameter 
is then obtained by use of a Jig and ordinary paper 
shears. The prepared source ring is h«ld in plaee in 
the counter by use of a split brass ring (slsiilar to a 
piston ring) . 

To retain so«e of the pulse limiting properties 
of the conventional Geiger counter while eliainatlag 
Many of its objectionable features, the dr eeunter is 
operated in the region of limited proportionality.^^' 

The eoiinter is operated at a veil regulated d300 volts 
with the cathode fbOO volts below ground and center 
wire! and guard rings 1000 volts above ground to Mini* 
Miae corona and "ipurty* noise effects. This operating 
point la approxlMately 500 volt a above the beginning 
of a counting rate plateau which is better than 0.6 
percent per 100 velta. The center wire output ia fed 



* Obtelneble from Ward Vteel Co., Arlington, Haas. 
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to a Modal 100 aapliriar through a cathoda followar 
praajapUflar (Atoaic InatruBMnt Co. Modal 204>D) with 
tha aapliflar output drlwing an M.I.T. Modal 400«lt 
dacada aealar. Tha countar with aaaociatad alaetronie 
aqulpsant eonnaetad for noneal oparatlon la lllustratad 
In Fig. 4. 



B. Applicability to Abaoluta Counting 

If a aountar la built which oollaeta particlaa 

aaxittad froia a aourca in all diraetlena, it has nany 

adwantagaa for Maaauravant of abaoluta actiTity. Firat, 

ainea all particlaa apittad froa tha aourca ara aeuntad, 

a diract aaaauraaant of tha g dialntagration rata is 

aada without tha naad for praciaa knovladga of tha solid 

angla with ita aecoakpanying aoattaring problaes. Also, 

sines tha "affleiancy for g particlaa” is now 100 parcant 

Kuch aaallar and thinnar aourcas oay ba praparad thus 

(t) 

raducing tha salf-ab sorption oousidaratlons. ' ' 

In tha 4r eountar, any g partlela which produces 
an ion pair outaida tha aourca and sourea mounting will 
ba eountad unless this ion pair la foraiad in a region of 
low enough intensity that raeocMnatioa oceure prior to 
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Fi*. 4, Photograph of countor with elaetronlc tqulp- 
»ont eonnaeted for nomaX oparation. 

7ha Inai^Iatlhg polFStyrana aoimts are vlalbla 
within tha braaa ahlaldlag box and tht oil- 
fllXad btibbXar 1» thoitn on tha outald# Xovar 
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Initiation of th.« 7ownti?t'4 avolanc!:iit« Consid«ration of 
tJM g« 0 A«tr/ of RAd thR fields existing in the sensitiTe 
ToIvBse inJlcates e very ssuill probebility for counting 
losses due to this affect. 

Any ionlMtlcn produced by internal cenrorsion 
electrons^ branche*! spertrs^ 'x-t’M.j spectre j end electrons 
produced in the counter ^llt or in the ges vlll merely 
add to the total ioniaation per dislntegr-*tlon and oill 
therefore be ee\inted as a single pulse. This is also 
time of annihilation radiations end t*vis fact i^kes the 
4m solid angle aethod valid for the assay of positr«>n 
emitters. 

I>avlativns fro« 100 percent ebsolute efficiency 
vlll be due only to (a) absorption in the source and 
source iM>unting file, (b) areas of lov field Inteneity 
aentioned above^ and (e) resolving tine losses. 



C. I&portant Aspects of Source Preparetlon 

The preparation of s thin sourcs is the siist difficult 
pi’oblen involved in the preetieel use of the 4r counter. 

It is eescntisl that the source be ^aite thin and vni- 
fora for any isotopa emitting aoft p particloa. The 
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ch«aittry lbroIv«d in pr«p*rlnf utJ.r*ni this sourcts 
Tarita vlth tha alMMnt inaolvad. than a saxpla it 
ai^ply allovad to dryp tha actira »atarial hat a 
taadaacy to eryatalliaa out aa oxm or aora larga 
partialaa ar ta dry in a thick risf af aaall eryatala 
arovzsd tha adga ai tha drop. U»a of an iafrarad lamp 
•pacda araporatian and radueaa tha tasdaney to "eluatar* 
in aTcry aata attaaptad. It hat haan aapirically 
daterai&ad that aountiag laaaaa dua to iair»absorptio« 
can ba ncflaatad if tha aaxiaua solid aontant af tha 
saurca it ^ 6 pga for | anargiat ^ 0.0 Mar, but far 
I anargiaa ^ 0.4 Mar solid aontant of tha sourca should 
not axeaad O.X pga. Thasa ap^roxiaata valuas ara hasad 
on a total pipattad sourca raluBa of 0.0€5 al. tithia 
tha spaeifiad liaitSf salf-absorption lassas ara nagli- 
gibla aosparad ta lassaa in tha aanduativa layar on tha 
aourea aountiag fils. Calf-absorption can n«y.r bo 
antiraly aliainatad by eontimtad raduotion of total 
•olida ainaa tharo is s finita partiela aiza which tha 
aatarial aust astwa upon pracipitation. It has haan 
thovn that balov a cartAin Tary aaall eoncantration, a 
daeraasa in solids doas not incraaaa tha obsarrad counting 
rata. Also^ a slight incraasa in tolida aboTs this Talus 
dost not daaraazs tho obssrrad counting rata of a tourea.'*^^ 
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D. Preparation of Source Mounting Film 



A solution Bade by dissolving 5 grans of stick 
parlodlone^ in 85 nl of amyl acetate was found to pro» 
duce the most diirable very thin unlforn fllns. A 
period of about two weeks^ with frequent agitation^ 

Is required for the formation of the solution. 

Thin fllas are isado by dropping an appropriate 
amount of the above solution on a clean surface of 
distilled water. The water used should first be boiled 
to eliminate dissolved gases and an Indicator such as 
phenolphthaleln should be added In order to check pH. 
Water which Is even slightly acidic secBS to decrease 
the physical strength and life of the film produced. 

A room should be chosen which is as dust- and draft-free 
as possible and a strong light Is essential for In- 
specting the films and the water surface. 

The simplest and most expeditious method Is as 
follows: 

1. Fill an 6-10 Inch diameter culture dish to 
overflowing with the water prepared as indicated above. 

P. Express two drops of parlodlon solution on 
the clean water surface and observe the color display 
under a strong white light as the film spreads. 
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3* «h4Ki saxlmisi color dlsplcj it cridont no«r 
tho odgos of the flla« drop th« proparod aourec ring 
horlaontally froa a height of about 1/9 inch onto the 
center of the floating parledlof* fila. 

4. Ileldlng one edge of the fleoting aource ring 
aad attaehod flLa, trla away the exceaa flla with a 
Tory aharp knife. The ring ia then alid freai the 
aurfaee of the >«ater at a trail angle te eroid lurfaee 
tanaion fila breakage and aaiy be placed rertieally ia 
a drying reek. 

6. fila thick&eaa aay be deterained by obaerratlen 
ef reflected color under white light and eorpariaon 

£ 

with arailable eurTca which read directly in pga/ea 
(Fig. 5). For nore accurate dateyainatiofi^ the a thlek» 
ncaa gauge aay be uaed* Thia eonaiata ef a colliaated 
aouree of polonim faatened te a aorable aieroceter Jav 
Which ia Bwtunted Ycrtically abore a thin virdo' Oeiger 
counter. A aero readiag ef the end ef the e particle 
range ia nade^ after which the fila is placed orar the 
eoxmter window axtd the seaaurerenta repeated. The 
distance between the two eurrts ae obtained gives the 
absorption of the filr in air^Hu, \diioh ean be trana* 
latad directly into pg/aa*. The gauge ia eapabla of 
■assuring thichnaaaaa aa m* 11 as 1 pg/ca with lass 
than 10 paraant error. 
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1 . Corjdvetlng Lay«r for fourcs riln 



f«r abfolut* Mastx«£«r.ts, it is •astntlal that 
tht coIl»ctir.g vlthln th« coxaittr r.nt b« dl«tort«d 

by th« difleetrio-coTorad hole 1 b the source ring. A 
thin contiuctlng B«t£llie layer vhich eorers the entire 
source si4>port mmy be ev*por*te<l froa e heated tiuxfsten 
filBMnt, the ev*t oration being perforced in a vacuus 
ef apprezlaBtely 1 Blerco. To inaure eloetrical con- 
tact with the counter ease, the layer shovld be deposited 
on the side of the aouree ring oppoaitt that to which 
the p»rlodion file adheres. The eiperatue used for 
metallic evaporation le illuatrated ia fig. 6 vt.era 
the D*t}«od of eupportlB# the source ring described 
belov la clearly visible, Cince greatest 'Vnger 
of fil« breeJcage occurs in the Betallie evaporation 
process, this eperetlon s>iould be perfonaed /r'er te 
pipettlBg the active source ha tar la I. 

For aouree solutione wliich do not contain hydro- 
chloric acid, aliainun produces a aultebla eosafHictlng 
layer and the followlr^ precedure la reoMVSuded, 

1. Place the prepared svurce ring horisontally 
atop a length of SO wm. dianater glaes or ryrtJC tabing 
w!\lch or.clesea tiae prev-^rvd ttstvgatan flle»ent. The 
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Fig. 6. PhotogTAph of apparatus used in aatalXle 
traporatlon, 

Th« source ring lying on top of the eyllndrleaX 
glass tubing under the bell jar Is in proper 
position for aluainuix eTaporatlon. Tubing which 
carries cooling water for the filaaent electrodes 
is Tistble to the left of the bell jar. 
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soure« ring ehoulc! ba a^rozlMtaly 7 «boYa tba 
fllaeant for a Yae vm of 1 

Vhan a raeuiaa of 1 (i la raaehtd, slovly 
Incraaaa flla»ant eurratit \ntil tha alxaintaa bagini 
to avaafrata fra« tha fllaaMUt. Otesarva tha alial) 
of dapaaltad al\aainMi ea t)M glaaa t>iba and whan it 
raachaa tha top of tha tubo, ahut off filanant currant. 
Thla pracatfura raaulta in i^fam conducting lapcra af 
fron approxlnatalp 10 to 18 pg/aa In thielaiaaa. 

Tha hydrachlorie ael4 In iMinp aourea aolutlona 
will interact with tha alanliwa aurfaaa of tha aouraa 
mounting and frci.uantly cauaaa a daeraaaa In aaimting 
affloiancy. In aaeh aaaaa a thin layar (I8«t6 pg/am^ 
of gold produaaa a tuitabla conduetlng aurfaca. A 
atandard alcraaaopa alida placed at tha mama Tcrtiaal 
dlctanoa abora tha aTaparatlng filaaamt aa tha aourec 
meunting film aaid aaated alnultaaaoualy with tha aouraa 
film providaa a maaatiramaiit af tha thleknaaa of gold. 

A raaiatanca acraaa tha length of the alida maasuriog 
batvean 50 and 600 magahaa indiaataa a thleknaaa of 
gold batvean 18 and 80 pg/a«^.^^^ 

Far tha maasuramant of laatopaa haring g anargiaa 
graatar than 1 KaT, al\nainum foil of 0.1 ail thiaknaar* 

a Ohtainabla from Frank H. Caff in and Bon, fS ?Im Zt*, 
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my ua*<l Instmd of ibt •▼•peratod mtallle layar 
vlth no dotactabXo ooimtlnc lots. A fiaa alst of 
iistillod mt«r la dopoaitad an tha praparad aourea 
rinf liy uaa of an ordinary bttlb typa atoalzar. Tha 
0«1 all foil la than laid aaar tha nolatanad aoxirea 
riag, aarafully bruahad flat vlth a flna aaaal*a 
hair bmah, and tha axeaaa trlaaad off with aelaaora* 

If tha abora la aarafully parfaraad tha foil la than 
Inaaparabla from tha aourca rlnf and parladlon flla, 
lo coaduetlng layar naad ba appllad to tha aoiu'aa 
■ountlng If a high dagraa of accuracy la not raqulrad, 
Elladnatian af tha Batallle layar raaulta In eouatlng 
leasaa af from appraxlmtaly 1 paraaot to 3 pareant 
dapandlng on tha mxlnrai $ anargy af tha iaatopa usad* 
for axanplai tha ohaarrad aoxuitlnf rata froa aavaral 
aonoaonductlng P aouraaa incraaaad hy ' ^ O.S paraant 
vlth tha addltlao af althar foil ar araporatad alianiiiiai 
aonductlng taatinga. 



F* Praparatlon and Praelpltatlan af Bouraa Katarlal 

1. dllUlnt 1. gil-UCltt iiiZ* 



Tha baat aaihod faisid ao far aonalats of adding 
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Hmuji imiM 



ft uaovBit 01 SontorJLto^ « Golloid«.l JMiid, to tho 

fipottod drops of ^oureo tolutlon, Tho loureo lent 
srt o4»orb«4 on tho Sontoaito vhicli drioG in o fslrlj 
unifora la/or of fino parti elot* P.icroscopic oboor- 
votloii of soureos proporod in this aonntr fioldo a 
t^pieal alio of 1 aieroa for tho lartoat partieloa, 

1.0,, 0.1 ag/oai* for ■oiorial of dooaity 1.^^^ Tho 
layor la such aoro unifora If laatoad of aiaply 
allowing tho aourco to dry, an lafrarod laap la uiod 
to dooroaao oraporatlon tiao. 

Using tho highoat apoolflc activity sourto aatorial 

availablo to alaiaiio aouroo solid oontont, a aolutioo 

of froa 1 to 1.5 po/al ia proparod. This yiolda ap- 

t % 

proxiaato eotinting rates froa S5 x 10 to 0i.5 x 10 
dpa par fSX of aetivo aatorial, Eineo tho rosolviag 
tiao of tho counter ia approxiaatoly *0 psoo, this 
range of aetivltloa Halts resolving tiao losaoa to 
^ S percent. 

In aolutioiia of aatoriala of high spoeifie activity, 
eonaidorablo lea sea aay bo caused by adsorption of tho 
active eonstitueots oc the walla of oontaining vessels 
and pipettes used in aeasureaent. This effeot 
results ia a dooroaao of activity ia solution, oapocially 
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for ciirri«r>fr«« Mtcriala. This lots of activity max 
ha raducad by tha a> ditlon of in.c.etlTa Isetopaa of tha 
aama chaslcal fora aa earriara prior to praparotion af 
tha aonrea aolmtlan. Far axr^la^ a aiull cxicntity of 
KRgPO^ la tt*a<? with aolutlona of carrler-fraa and 
KI la used with ctrrlar-fraa Tha maaa of oarrlar 

which nay ba added la data!*«lned by tha parrilcalbla 
aolld tontaet of tho aolmtlaci but a daslrabla ratio to 

g 

Bake adaorptlaci magllglbla la apprazlaatoly 10 laaetlTa 
atama par aetlre atom, 

Tha pii of tka aetlva aolutian la malntalaad ao aa 
to kaap tha aetlTa atoma In aolutlon* Far aaaa laotopaa 
tha aolatlam aba^d ba aclAit vhlla othara raouira a 
baalc falutlaf)« A ganaral nsla whleta haa fav azoaptlona 
la to prapara aa aclAlo aolatloa If the actlea atom la 
In tha eatlan and a baale aalutlaci if it la In tha anion. 
la all aalatiacfi aity aubataaaa addad ta adjaat tha pi 
cuat be anlttbla vhan aamblRed with the actlTa material 
la ardtr ta praTaat praelpitatloa. 

Tba fallovlmg proaedura la reaeamandad for tha aatmal 
aeuraa praparatiost 

a. ixpraia tiX (O.Oti ml) of aetira aolmtlen 
on tha aanter af tha S/8 imeh dlamatar ratallle aaatad 
parlodlan film. Tha miaropipatta ahomld ba rinaad tviea 
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onto th« tourc* rlnf In or<!«r t« r«Mor« «]J. «etlT« 
»«t«rX*l froa th« It has b«an txparlMsntally 

datarmlnad that tha fellowlnf ptreantaiaa of aetlYS 
aatarlal ara aontainad in rinaaa of taa plpattai ' 

1st rlnsa — 3 parcart of Initial c*Xitants 

trul rlnsa — 1 parear.t of initial contents 

3rd rlnsa — 0.5 parc'*nt of Initial cont'*nts 

Mlcroplpattasf usad In sio;iraa pf«psr*tion Bust ba 

calibrated wltn SMrtrjry slnaa dSTlatiotsof 1 pareant 
froa labaled voluaa ara not uncocsiioa. 

b. If saT•r^l sourcss ara to ba praparad at 
a tiaa, tba ya-cuuk. trap arrar.|acar.t Illustrated in 
Fif, 7 Is ludispentsblt. After aaeh tourcs (oonslstlng 
of ono pipatta Yoluct jrlus tvo rinses) Is axprassad, 
tl.a plpatta aust be tbcroucl:!}' elctnad aXrd driad prlcr 
to praparirid tha next Lcurce. Ucinc t^4l raeuua trap 
frrancaasnt the pipette can ba cleaned vitbt an Inictiva 
carrier soluticn follovad by flushlnc vltk pure dlstlllad 
vatar and than driad by tha air strasa pulled through 
tha pipette* Tha total optratiar of* claanlaf and drying 
re* uirar lees than 3 ainutas with thia apparatus. 

c. Express lOX of Dantcnits solution (approxl- 
aataly ri Bantonlta/al B.0) Inta tha Crop cf source 

* Obtsinsbla froa hadiatlon Cojr4tar Lab., 18(4 V. £lat 
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VACUUM TRAP ARRANGEMENT FOR 
CLEANING AND DRYING PIPETTES 



Figure 7 



•olutioii px'tviouftlj fora«d« 

d. IMrouftely ditp«ra« iha l»«a%onii« in tha 
itouraa aoluVlMt usiai »n air jat praductd free an «y«- 
dr«P 9 «r vi^icii ^au flaKa^dravm *o a fiaa aapiUary 
point. A atroas li^t racllit«tao Tiaual obaarvmtion 
of tha alxlng utilah ia aa^plata vha« tha antira drop 
Wkas oa a el4H^/ appaaranaa., 

a. Vha praparad aowrea la tban dr lad uadar a 
haat Ijoap. 

nat93iA ^'^UTTi t a*iUtlu Stl ^ QsJi Mu* 
la ardar %a ■Ininiaa aalf-ate a a a ptien laaaaa 
la tha mmsvrmtmt ot aaft f pajrtlelaa aaetraM eara aaist 
ba taican ia praparatian af tha thia aoarea, as aelmlly 
if tha laotapa aolation ia a ahlorlda witch tt^dt to 
fora larga cryatala an praclpitatloo* Tha fallowing 
proeaduroj applioabla to preparation of Ca^ aoureaa^ 
la eltad ac an aMapla*^^^ 

a. Dalng Co^ af high actirity (approziiaataly 
1 eurla/graa) , dlluta to propar oparating rang# using 
radiatlllad ACl, The aolid aontant ef ordinary HCl 
of tan anotaii tha aolid aontant af tha aaurca aatarial. 
Tha aarrlar aosaaantration ahanld ha af tha erdar af 3 
ag af GaClg/Utar glTlag a tatal solid contact In a XtX 
aliquat of 0.075 pg. 
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b. After th« aotount of 

flO 

actlTo solution, cm tbo s«urcs fil&^ sYsporatc ths Co 
to d»r>*a«ss iS CoCl^ la or4«r to |St rl£ of the !!C1» 

Then & cro^ of v*ter to the eYsrorstcd SMittrlal to 
redisiolvf the CeClj^. 

e. iatroducei as in a leaker, should 

be used to precipitate the cobalt which should eerer 
the entire area ef the oriclnal water drep quite uni- 
for»ly. 

Fteps (t) ssd (e) eteYe s>*uld be d>ne in a desle- 
eator with sodles. kydroxlde used as a lesiecant. A 
Ce^ source carefully prepared aa outlined abere vill 
reduce self^absorptlon to the ulnlMEaK relM kxK*£ to 
be obtainable at tbla tlae* 



C* Technique Used in Absolute Counting 

1 . 

lorstally three sources sre prepared ts outlined 
in Section f trom e*ch solution to be counted. Coaparison 
of ceuntlac rates of the three sources fires a zeasure 
of the preeieion in source preparation. vitK a little 
















0 








I 



praetie* tha dlffaranea batvaen aoureas doa to all 
arrort InTolvad In praparatlon car calctainad at 
c 1 pareact, 

Baekground co\inta ara takan bafora (and aftar 
if naeaaaary) aacb run by inaartlng a plain able ttaal 
dlac in plaaa of tha aourea* Tvo coepariaon taata ara 
cada on all caaaura»anta cada vith tha 4r countar. 

Firat, with eountar roltaga fixad at 4300 volta, Inta* 
gral disericlnat or curaaa ara plattad for gain aattings 
of lOilf til, and 6il« Tha lattar tvo aattinga aach 
dacraata alactronie gain br a factor of appraxicataly 8 
(figa. 8 and 9). SaeoRdlr» vlth alaatronie gala hald 
eonatant at lOtl, intagral diaeriainabor euTYta ara 
plottad far eountar Toltagaa of 3900, 4100, aad 4300 
Yolta (Figa. 10 and 11). If in both aaaaa tha diaerini- 
nator eurYaa ara flat OYar a diaeriainator raega of 
10 Yalta (fig. 18), va ean aaaiaaa that all g partlolaa 

anittad into tha aanaitlYa yoIum ara balng oomtad. 

CO 

figuraa t and 11 vhich ara typical of Co claarly indi- 
cata tha high pareantaga of collaction and cay ba cob- 
parad vlth Figa. 8 and 10 vhich ara typical of 
Tha cathod of axtrapolatlon to dataraina tha trua 
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Discriminotor Voltoge 



DISCRIMINATION VOLTAGE CALIBRATION 
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Discnmmotor Voltage ( Gnd-cothode 6CB6) 



dl8inttgr&tlc& rats la inClcated on all eurvta. A 
furthar c r#c^ to Tariff proper operation la a etatlstlcal 
ana If lie of the countlac rates for points on the die* 
criainator plsteata. The Been ralue thus obtained snould 
scree vith the exirarolated true countl&f rate. 

Onee the Teltafe raafe of the diserlaiinater plateau 
has been deterclned' f or a liren Isotope ibe countlnf 
procedure is simplified, me diseriaiinater esf then be 
set st the sldpoint ef the voltspe plateau and with 
counter Tclte-C' sat at 43<X! Tcits s>. eleetrwnic fsln 
of lOtl, a series of runs is Bade. A statistical analysis 
of these runs is thefi Bade to Insiire that the counter Ic 
opera tlnf preperly andi the eheerred eovoitl.4f rate is 
4etemiBe4 by the Bean Talus thus eetsin^d. 

An electronle g%in of lOil is chosen es tne normal 
opsr«tini pelat. At this Tslue the largest pulses iu 
the eouhter lust ererorlTe the Model 100 aa#lifier without 
eauslzic counting losses, and the sMllest pulses ere 
tuTfleiently larger than noise to he deteetable over e 
useful dikCrlBlitator range, 

3. CurrecUoi:. £ili* 

ihe BTer«ge baeagrouna is subtracted xroa. the 
hean Tslue of tl^e shasured eotmtlB# rate, to yield 
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•4i4 mM m 44l»l«4 «4% M€4*l jltfl— ftif U Um\Um 
4CM4 apci OM <— 4ttl4 f Ifilii IM 

.•491 latt—i «r^ tattto%4%449 W 9m%%» 

%•! w4^»mi4 «ti 4t *4)141 *0 

|a4AaiP» MJ m»4 •md 

M IMtf ^ »*t >44nlifall «i 

4Mv ft«4 4* ^ 144 4« In 

lilt «« •JX»9 M4 $• Tf Itival 

A li umm ti nHi* • fltOI 14 

fi nm*^ «tt fMl4 mwl «4 mil *1 m mil 1 m 

ti ir»i jrlimn nvmm lii m 4Amim 4»il««M4 
•mi«4m mn m44 mi* «i« li I rn it im 
i^ns m m flitm is ilit ■t<mfnfi n4 

li im m m mwi li^i |4 *4Mm nUmm 

rm# M miUJLtm oox i4ii4 ma ninmm imt mum w 



tat «ewi«rv 4^4 coi^atlnc r«>t«. For cov!ntlr <4 r«t«s ^ 90,000 
dp*., this VAlut mUkj u»«^ •» i , tr%« ditiatifratioa 

W 

rat.. If «A trror of 3 it ttcc^tabla. 

lt*j or all of Um folIek^r..f eo:.tctie?a andt 

d«;/ti;diuL 0 F 4 tht of ^rtcition atclrtdi 

A. X££ rAt-altiAA } 1 ml lm£z< 

aji 4 ar« dtflntd ras9.octlytl7 •• obttrYtd and 
ditlBitfratloa r«i««, 




vH«n t it t4W c«ual*r ratolTina tliM wL«c^ l^t L««/a itttr- 
»J.a «4 te at a9proxU-» tal> pftc. 

t. ^ 1ml If k 

iil.:i « If It if dttlrtd to ft^kt thlt corrtetlon, 
t!.on ft the tact tl»« sotirtt ?otBLtlnt:t ara irt^fT^d, 
eovar laytrs of pArlodion flla af s«f*« thlec2>*if 
thould ba praparail c>n aouraa rln^a a eaatral 

hola af 1 3/8 icoh 4 .i 4 *«tar. 7i»» eta^metlTiC fila 

cy%|orAtel on t^^ca aoTar layara aiiculi ka of tito .asa 
thlclnata iLat darosita^ o« tha ria^ a9r.tairJ.n4 tha 
aetiva aaurca. 

«lth tha aetiva aouraa in plaaa akt*an tba 

actual eaunti£4 r^t^. Tikan rd^va tha souroa rin^. 
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earcfully placa to« ri&g containing ti>« eovcr layer 
(llrtetly ocar tha tourca t« far* a aaAawlch. kith 

this aan<lwicha4 aourea in plaaa, af' in »aasura . 

$ 

Tba pareaaWga diffara#aa In aafl txt ***0014 ba 

({vita alesa ta tha trua eorraatlo«i for anaorptioc dua 
to toa •auntlng film* 

A allght]|r mara aeaurata datonlaatian of abaorptien 

( 7 ) 

In tha monnting fila^ ^ la auotad balov for aomplatanaas. 

^Exparinanta kara baac eanduetad to dataraina tha 
•BOUBt af abaorptlon, if any, dua to tha fllB batvaaa 
tha aeuraa end tba lavar half of tha 4a acmntar* Tha 
Btnibar of partielat aeimtad by tna top half of tha 
eountar aannaatad aa-parataly vill ba 

MiMMra la tba trua dlaiategratiou r^ta of Uia aaorat, 
it tJM paraaotaga bac« a a» t taring from tna film, la 
tha frvetlmmal ab»orptiom in tha fiiM, ana A^(b) la tha 
parcanfng^ baoaaaat taring d«i to tba anlla in tha ottOM 
n»If* Tha mMb**r »f pmrticlaa aaunta« by tha oottoB 
half ecnnactod aaym^taly will ba 

"botws ■ >[(1 - M ♦ (1 ♦ (. r ) 



c •«#«•%« I »iiff 

M >U»4< ^ im yill ^ M»fii\U 
iUlffiiUi ni^ i»i^trmt wn ail 0 # mI» 

_ sat «f 

t — -j ^ — 

aa4# qin <a ^ —Mi— it tiaa lia w ta i rioa lUc^iia A 
.wM»liPia< M «al»a — r^ tl ^«U1 ^4«t0 «i# tU 
•if aaiaMMa n§ iwii^ t a iiiMii 

aUl atf •# •f'a )l !• isma 

•it *m—i •• ail t# Mm a ai ai ««# Aam ••«••• tif 
Mf la lUi fiti atfl fi li M iw aalamaf ^la t micm 
^ \l—0%t^ k9§9ma9» n%imm9 

•^(0 ^ ^ V* ffi* 

^ fi aa ta ^tAr^ la liW aalta%aMU&lt> «ir al •aiflf 

fl •«2fi M mI iai%Mioa«*t«a tiaMaiai ma tl ^ 
Mf at laa aif ai Aj r— ftMO Ui 

ail ai ax/la ^ •# aai iiiiaa«MaMJ ^•^^■^^l•l^ 
—ff#4 iM fi iaiMa aijtki#taif U aa^an tilt »liai 

aa XlAr tiUrnmm^ iafiii^a 11^ 

(tr>. il)^> 0 « C • 0 V * 



"Fro* fysvetr/ eontitftrations ■ By(b) ■ 

*Th« faetor 0^ aan b« naglaeta^ whan tlM fila is 
thia and af law atoais nuabar^ so tkat (l) baeoaas 

"top ■ *\-T \) (3) 

la tha battaa half, agala assumlag Bj, ■ 9, oaa abtains 

- ^[a - o ♦ («) 

Putting this in tha fani y ■ ax a b giras 

■bptt.. • V * V- <») 

*Vith tha thia filas uadar eonsidaratioc it aaa 
ha asstaiag that tha absarptiaa is diractlx prapartianal 
to tha fila thiaknass. I<;uatiaa (5) aan ba usad ta 
dataxxiaa tha absarptiaa corraatiaa grsphieally. A 
aera diraat mathod af dataraining t can ba daduead 
fraa aq. (3) (4). 

»t.p <«) 
Tha actual aouatiag rata obsarrad vith top sod battoa 
hdbas connaetad tegathar is 

■tb ■ 

so that (6) baeoaas, if ona lets - *i>otto« * 
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find flmilarly 



I . 1 

^tb ^ 
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Tht abtolut* fountinc rata la than obtalnad by sub- 
stituting (8) inta 



"Tbtas by taking tbrsa dlffsrsnt rssdlogs of tbs sa»s 
seurss on a singls film It Is posslbls to dstsndns ths 
absorption by ths flln. This provss sxtrsssly ussful 
for low snsrgy $ partlclss." 

€• CtfrnfitAflM Tor salf-abaorotloi. aaid bsck- 

fiCiUiritf mLl l£ i UtlW MSiiiSSiM, Uilltoggt* IB fonsral 
tha scurcas prs{>ars£ ars vary tblB esaipars4 vith tiM 
half thlelnoas for I abaorptio* la sourss asttarlal. 

Sines ths rssultant sslf-abssrption aad bscksaattarlBC 
serrsstions ars asall (usvally < 1 psrcsnt ) , approxl- 
Mats Bsthods Bay bs ussd to soaputo thsss ssrrsstlons* 
Tks aTsrafs soures thlekmsss is ssBpatsd from tks seiires 
arss and tbs knsvm Bass sf suitsrlal sontainsd thsrsin. 
tsXf-absorptisn may bs sstiBstsd as follovst 




( 10 ) 




«tel («) 



MM m4^s «4MlMwrt M'W^tUi atW pi>M %4 MtT* 

M o# «1 fl jO.fl KJ.%3U • «> 

41"^ «aU\ 

vAi f9^ 

iAjCLJLW AUSaa i2 fiiiX lJtXlLLi2S. 

atf# •#* rw «r^M:«€ u±. 

#4| *>s**t* 

•OJaaviu ^(JtfiiMH ; > ^il«.*uj llmm JU.<»»*r>$49 

#Mi »4AtlMa AT &M4T *< \m AlAlttMl ASIflil 

»4jMM «i# floMl immb* ** 99mm «t»r«T4 

•iUaMil MfiltlWi liXOA-^Ai ta MJB MTAAi U*| iM JAtJ 

^ liu 






t ■ iMlX for fi in •cure« aatorifti 

(In 

•• 9 

X ■ 9«ure« tbloimtsa (in |«c/qb ) 

thtx tb« tre« a€tiTiW i* rtlatvd to tht •b»«z*T«d 
aetlTity Mj^ by 



In thaaa aerraetiona it ii aasujMd that vhan tha aourea 
■ountlnf Mtarlal la Tary thln^ tha paraantaca of aatu« 
ration baaksaattarlng ebtalnad la a function only of 
its thlokzMaa In taraa of abaorptlan half thlaxnaas* 
Vlth this aasxatptlon, tha Ziavalt data obtainad far 
;olystyrana can ba appllad to parladlOA by eanparlng 
ralativa half thlcknaaaaa InvalTad. 

Thara la also a aaall lass for partlelas which 





If daslrad, baakscattaring oarractiona nay ba 
appraxlaatad fro« tha rasulta pabllahad by Ziaivalt.' ' 



travel transvaraaly throufb tha fll> and ara absarbad 
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WAniiv I *4# si rtl^tia ftliAirw 

^ fl*« . li t>*itrt»fa tPlWfitkiM# a >f fs^ 

. >Mf« I f II UM )• aj ^tn^iiiiHf 

••« AiMliltfb fX««a»? -^» ^tf 
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Miarci&f* An of Mfcitita* ApproxlJtatlea 
of tbls lost t«a 0# m4« hf •ootldtrttltn of tho tolid 
tnglo within which ptriiclct vlll traverse ont half- 



where S ^ ■ the freetion of CMercnit psrtlclet which 
traverse e path oat half>thiefcRttt of the file, which 
it negligible. For softer % perilelet, tsit eorrectien 
be large eaeugh to rev ise contideration, 

n. Inportent Cberwcterittiet of 4r Cottiter 

Counter voltage pl»tteu > begins at 3700 volts, 
slops < 0,0 paresAt per 100 velta, 

ifiUlgif X&j: aoLul gair&tlaa» 

Covmter voltagei 4300 volts 
Csthodsi ^feOO volts belew ground, 90 volts 
supplied b> batttries. 



thiebaesa of tbs fila befsrs eaerging. for (sssieting 
s half thiebasas ef sboet 100 ug/ta?) this givts, far 
e uaifeni fiLe 0*05 mg/m^ thisbt 




Centsr wlrss and guard rings: 1800 volts sbovs 



ground 
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ilPFClTIX II 



TPf fCINTILUTIOM y-RAY 6 PFCrROMl?TrR 



Th« counter consists of a so<31vn lodile thslllxsa 
aetiratod crystal 4.3 ca In dla*attr ani R 69 lon£ 

BomitcC on rn nCA typo bi>lv fhotoaultl rllar tuba, Tno 
csln of the linear enpllflar used la sojustad so that 
the speetnm la alvtys rayresantaa by roltafa p\;Llsaa of 
frcMD 0 to 100 volta. A alngla ehannel diffaraatlal 
pulse height annlyter, fed by the linear erpllfier, drlres 
a precision eoiustlng rat* neter ol rariable tlM eonstant 
and full-scale sonsitirlty of fro« ?0O to h0,000 coxmts 
per minute. Ibe dlscrlclnator base line Is varied con- 
tinuously fron opproxlsately 0 to 100 volta aa4 a vludow 
of ^ volts is used for »11 observations. Calibrctlon 
runs were made before and after obtaining each set of 
data by use of iters of known or.ergy. 
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TSK gfD WIKEOV ) CCUKTITR 



A. Description of R^ulpsent 
This e^uiv^fit, u^#4 iQ <2st«ri»i&lu^ .# 0n^rgi9», 

f 

cousistt A conver^tionAl t-rvi vio4ov O^i^er-Kuller 
tub«i^ Aiitf « £«t 01 e«libr%t«<l alxtoliKVft sbsK>rh«rs.** 
The tuXH) is »vu.t«4 in u s).lel«l«4 p9e:^l» c^«en<«r*** 
which conteint »lidiM^ tr«ys for Aecwr«tt positioning 
of SOU7CO sAd ohsorbor. 



D. Ixporlnontsl Tochnlquo 

tlth A soureo Inserted on the lo or tr^y under the 
Cel|er tub« counting rutee vere reeorded for verlous 
thicknesses of Absorber eonteined on the upper trey. 

* Ti’scerUb, Inc. Koiel 'TC-cr Geiger Tub*, wi&dow 
thickness C mk^/ca* . 

e* TrAcerleb, Inc. Tyoe tt-3A CMlibreted Absorbers, 

ee* Trseerlsb^ Inc. Model £iC«90 bbielded KAnuel GsSple 
ChAnger. 
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Counting prectdurt varlod d«p«cdlnc upon th« thicknoas 
of abforbor. At high eeuntlng rat«f, tho nusbor of 
counts p«r 1 minuto Intorvsl was iraeordod for at laast 
thraa Intarrala. At Intaritadlata counting rataa, th« 
praaat count faatxira of tha scalar was utillaad and tha 
tiaa raqulrad for 10,000 aounta waa raaordad* At Tary 
lav counting rataa, a praaat count of 4000 vac used. 

The tube vas operated at tha aiid-polnt of Its 
Toltaga plateau to insure naxiaua stability. In addition 
a set of fire standardised $ aeiitters of known margy 
vas pariedieally counted thus enabling tha correction of 
obsarrad eoxmting rates far any ehangas In instrusMnt 
sansitirity. 



C. Corrections of Obserrad Data 

Other than eorraetiag for counter sansitlTlty 
fluctuations nentianed abore, tha only correction 
required vas for resolving tine losses. These corrections 
vara Bade by adding to tha obsarrad counting rates tha 
nusibar of lost counts par nlnute (Fig. S) . 
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sJtml iM*n#4<lO IM MMftU»»<iaO tO 

'fflTltfi.un nmfmw ia% HtiUwtX9s maM tmtit 

tiw» #4# !•»♦§• JLA(»4M %94i4«g#a0.n 

«4%#4o| pm4X a* *vtL'«wi <tMl ha\j»na% 

rffx A«fj^ ^*ry4•i^ od *4*# ••im 
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D. RttolTlag Ti»t Z#otftt 



It !■ f«n«r«lly i»auBtd that tha rasolTlng tlJM of 
an InatriHMnt la aonatant for all aeimtlng rataa and 
aorraatloaa ara uaually aada far raaolalng ti>a loaaaa 
hj Baaaa of aquatlana darlrad Bn tha baaia of tva 
gaoaral aountar tyyas; tha yaralyaabla a&4 tha notv- 
paralytabla* A datailad traatsant af thaaa two aaaaa* 
raaulta in tha following a^uationa: 

n ■ la"*^ (paralysabla typa) (1) 

n ■ ll(l - np) (nonoparalyzabla typa) (t) 

At low counting rataa both aquation (l) and aquation (S^) 
raduca to 

K ■ n(l np) (3) 

vhara V and n ara raapaetlwaly tha trua and obaarrad 
counting rataa and p la tha raaolwlng tlna* 

In thla axparlnant It vaa conaldarad naeaaaary at 
tlnaa to eoimt at wary high rataa ( 00,000 c;m) bacauaa 

of tha poaalbla praaanea of ahort-llTid laotopaa and tha 
daalra to obtain eonplata aata of abaorptlon data aa 
qxilckly aa poaalbla* It vaa obrloua that tha approzlnata 
aquation (3) could not ba uaad and It vma alao fouzvd that 

* Evana, 0* D.: Claaa Motaa for Couraa 8*61£, Chaptar 30* 
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tirit hiMol •cLb 11 i&B Wts 4W ^or AIi»4a ((J molsmtrpm 
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n*ith«r •quAtiont ( 1 ) »or (') ptop^tIj <orr*et*d tiM 
dbaerr*d •ountJLFtg rktva If a conatant raaolvlng tlM 

vaa aaaunad* 

To obtain h uaaful ralation bat'^aan counting rata 
and raaolalng tlaa loaa, tha ras^onsa of the iaatruBant 
to a aarlaa of atar.d» rd to'.ircas of bnoMr. activity vaa 
»aafur#4 and a plat aada of obaarvad va axpactad eouating 
rata (flg« l)«* Tvo raapoiita eurvaa ara a^ 40 vn^ cna for a 
dJLfcrlninator aattlng of 4, tha othar far a aatting of 
• ,aa> rroai tha eurra for a dlacrlmlnatar aatting of 4, 
tha aatting taaad throughout tha axparlnaat, a plot of 
loot aotaita par idJiuta va obaarvad aounting rata (fig. f) 
vaa praparad ta facllitata aarraatlan of tha obaarvad 
data. 

To varlfy tha aecuraey of thla proeadura^ aavaral 
aourcas vara aountad vith dlaariml&ater aattlnga of 4 
and 6. Tha follavlng tabulation af tha aounting rataa 
obaarvad and tha trua aounting rataa aanputad froa tha 
appllaabla eurva of fig. 1^ ahawa that tha aonputad 
valuaa agraa within axpariaantal arror thua indicating 
that eonalatant aorraetiona nay ba nada b> this nathod. 

** Kvana^ f. D.i Claaa Votaa for Coiuraa O.&lf^ Chaptar 
30, paga 1&. 

** Data af I. Saauala, Phyaiea naaaareh Labaratory, 
Kataachuaatta Canaral •^aapital, lH>iton, Kaaa. 
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RESPONSE OF END WINDOW BETA COUNTER 
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Ktfarrlag te Fig* 1, It It aata that nalthar ratponaa 
eurra colneidaa vith tha thaaratleal eurrat of aquationa 
(1) and (£)• It la apparant that tha nuabar of lest 
eoiinta la atronglj dapasidaat upon tha diaerladnatbn 
laral* Tha raaulta obtainad aay ba axplainad by a 
conaidaratlon of tha pxilaa halght distribution aa a 
fxmetian of aaunting rata.* This shews that as tha 
eountlng rata is iccraaaad, i&any smII puleas ara 
forcad and soaa fraetion of thasa pulsas is last bacatisa 
af tha disoriaination laral and net bacausa of tha daad 
ti»a of tha tuba* 



* McCall, R* C.t 'Galgar-Mullar Countars’', M.l.T. 
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APPIXDIX IV 

Tar coiKCiDBcr cocr»r» 



A. Description 

This «NiUi^s«nt c.>n£lsts of tvo UiAlliifli activsttd 
todiuM iodide selntillstion counters connected in 
eolneidenee with single eharuiel atw coincidence scaling 
circuits driring Mchanlcal registers. The crystals 
are 1.5 inches ia diaaeter, 1 inch deep, and are aounted 
on RCA type S^IP photorultlrlier tubes. 

The counters are eontalned in lead shielded heads 
along vlth their cathode follover type preasipllflers 
shown sehesMitlcally in ^it. 1. The two heads are aounted 
on a aechanleal scanning device sucti that the tvo opposing 
crystals are coaxial and are separated by approxlas tely 
P7 ca. A aounting bracket per«iits potitloning of a source 
equidistant frea the crystal faces and collnear with their 
coamon axis. 

The coincidence circuit is of conventional design* 
providing both single channel and coincidence outputs which 

* Dvg. No. D-1M7-A, file C-iS'b, Laboratory for Kuclaar 
Sclenca, M.I.T., PS April 1950. 
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Fii;. 1* Schtafttle diagraii of scintlXXAtion countor* 



Th» Xoeatlon of aomponantf vlthlm th# load 
«hi«ldl»g is at Indicata* 



ar« f*(S through lin9ar «a(>llfl«rs* to stparat* acaling 
elrculta**. Tha tquipii«ut aaaa^blad for nomal uaa la 
illuatratad In fig. P. 

Cxparlsantal Ttchnlqua 

Tha a(^ul;>»ant la oparatad ao th/ 1 tha IndlTiduel 
ehannela raglatar approxiaataly aqual counting rataa 
Whan a aourea la at tha nld-polnt on tha axla batwaen 
tha eountar haada. 

Plfiura 3 lllmatrataa that coianting rataa ara only 

allghtly affaetad by anall (Uaplaeaaianta of tha aourea 

froB Ita central poaltlon. Ta alnlalxa arrors cauaad by 

variation In eountar aanaitivlty dua to othar oauiaa, a 
PS 

atandard Ha aourea waa eountad prior to aach meaaura~ 
■ant and tha eorraetlon thua datarnlnad vaa appllad to 
tha obaarvad counting rata. 

lu all ■aaaureaanta tha niabar o^ eoxmta par 1 
■Inuta Intarral «aa racordad, aach obaarvatlon Including 
at laaat thraa Intarvala for alngla channal eounta and 
alx intarvala for eolneldanca eounta. At laaat 10,000 
avanta vara Includad In aach obaarvatlon to Inaura a 
naxlAUM fraetional aWndard davlatlon of ^ 1 parcant. 

* Atonic Inatriaant Co. Modal S04B Linaer Aapliflar. 

Atoalc Inatrunant Co. Modal 1030 "Scala of 1000" Scalar. 
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fig, fe. Coincidence coimter ^ssenbly. 

Th» equipjEient is shown as as««i.ibled for use 
la scaimiJig measureiaents at Hassachusetts 
Oencral Hospital* The scanning and plotting 
csech&nisias are contained in the central 
section of the photograph, The opposing lead 
shielded counter heads are risible to the 
right of the plotting board. 
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Fl0. Senaltivltf distribution of coincidence 
counter* 

The isosensitivity curves about the axis 
illustrate the very slight sensitivity 
variation for snail source displacements from 
the central position. 



SENSITIVITY DISTRIBUTION-COINCIDENCE COUNTS 
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C. Correction of Observed Counting Ksitee 



Coincidence eountlng rates vere corrected by sub« 
treating fro« the observed values the chance coincidence 
rate. Chance rate wes coopiited by Mens ox the equation 

^ch * * ■^*‘a*‘b 

where 1^, %re the Individual chAwnel rates and t is 
the resolving tiue of the colricldence circuit, by 
eountlng «n essentially «or. ^energetic emitter 

positioned off the axis of the crystals, T was coeputed 
to be approxieetely 0.36 ysec bf nse ef th* above equation. 

Counter res{»on8e ayyeers to be llneer for counting 
rates u/ to 140,000 eve en single channels -^nd 14,000 
epa for coincidences (Tig. 4), Conse lifcentlv no corrections 
were spoiled to the data for resolving tltte losses. 
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rif,* 4* Coincidence eomtcr reispon#© ourre. 



The lineerity of comting rwte vs »oupee 
strength ifj evident for both eiJrifle eh«m«l 
and coincidence cmuite* 
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